Introduction: Regular year-round exercise is recommended for patients with coronary artery disease 27 (CAD). However, the combined effects of cold and moderate sustained exercise, both known to 28 increase cardiac workload, on cardiovascular responses are not known. We tested the hypothesis that 29 cardiac workload is increased and evidence of ischemia would be observed during exercise in the 30 cold in patients with CAD. Methods: Sixteen men (59.3±7.0 years, mean±SD), with stable CAD 31 underwent each four 30 min exposures in a randomized order: seated rest and moderate-intensity 32 exercise (walking, 60-70% of HRmax) performed at +22°C and -15°C. Systolic brachial blood 33 pressure (SBP), heart rate (HR), electrocardiogram (ECG), and skin temperatures were recorded 34 throughout the intervention. Rate pressure product (RPP) and ECG-parameters were obtained.
We conducted a cross-over trial where each subject participated in four different experimental 118 conditions in random order. These were: 1) 30 min exercise in the cold environment (-15°C, wind 119 1.0m/s); 2) 30 min exercise in the neutral environment (+22°C, wind 1.0m/s); 3) 30 min rest in the 120 aforementioned cold conditions and 4) 30 min rest in the aforementioned neutral conditions. The level 121 of exercise was adjusted to correspond to the recommended intensity and duration of health-122 enhancing aerobic exercise (12, 14) . The exercise consisted of brisk walking for 30 minutes on a 123 treadmill, with the speed and grade of the treadmill remaining constant for each subject while The patients were equipped with ten skin temperature thermistors, a brachial BP arm cuff and 142 ECG electrodes. After the instrumentation, the patients moved into the climatic chamber with neutral 143 temperature (+22°C) conditions for 12.5 min of baseline measurements with subjects in the seated 144 position. Following this, the participants moved to the climatic chamber with adjustable temperature, 145 wind speed and equipped with a treadmill. 
Statistical Methods

179
We compared mean differences in cardiovascular parameters over time (baseline, intervention, 180 recovery) within and between the different conditions (neutral or cold at rest or exercise) with a 181 repeated measures 2-way ANOVA. When detecting a significant main or interaction effect, 182 corresponding contrast tests (simple) were used to compare individual data points with baseline (prior 183 exposure), as well as between conditions. We further analyzed for each individual the independent 184 and joint effects and their interaction of SBP, HR and ECG at the beginning (2 min) and end of the 
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The achieved exercise intensity represented 69% and 66% of maximum heart rate at cold and 215 neutral temperature, respectively. The rate of perceived exertion varied from light to somewhat hard 216 (11-14), both while exercising in a neutral and cold environment. bpm. Hence, although their interaction of+1490 (-126 to 3107, ns.) mmHg  bpm suggests synergistic 245 interaction, the effects is not statistically significant and the interaction can be considered as additive. Recorded and calculated ECG parameters during rest and exercise in either a cold or warm 250 environment are presented in Table 3 . In general, the effects of the different experimental conditions 251 on ECG changes were modest. QTc interval was longer during the first minute of exercising in the 252 cold compared to the first minute of exercise in the neutral environment (p=0.023). This interval was 253 shorter in the beginning of cold rest exposure compared to rest in a neutral environment (p=0.010).
254
Six study patients demonstrated a few ST-depressions (leads V1 to V5) exceeding 1 mm during 255 exercise but with no difference between the environmental conditions. None of the patients 256 experienced angina and/or arrhythmias during the experiments. Table 2 Our novel results show that submaximal exercise in the cold increases cardiac workload in 263 patients with stable CAD compared with a neutral environment. This response was achieved mainly 264 through a sustained higher SBP, but also slightly elevated HR during exercise in the cold. The 265 interaction of cold and exercise on SBP and RPP was additive, while this was synergistic for HR. The combined. This finding is in accordance with previous studies involving whole body cold exposure 277 performed during symptom-limited maximal exercise where RPP was either higher (2, 26, 34, 51) or 278 unaltered (25, 32, 41, 42, 47) compared with exercise at neutral conditions. Equally, also inhalation 279 of cold air while exercising, resulted in either increased (9, 18, 33) or unaltered (49) RPP. The higher 280 RPP observed during exercise in the cold is mostly due to a higher SBP. 281 We also detected a heightened effect on SBP when cold exposure and exercise were combined.
282
This higher SBP observed at the end of exercise probably reflects sustained vasoconstriction to 283 cutaneous and non-cutaneous vascular beds. Lowered skin temperature, even during exercise, reduces 284 skin blood flow due to both local and reflex mechanisms. In addition, a low mean skin temperature 285 itself shifts the onset of active vasodilation to higher internal temperature, thereby delaying heat-induced vasodilation (48). As we did not measure core temperature, its increase during exercise and 287 effect on regulation of skin blood flow remains speculative. The lower mean skin temperature 288 observed at exercise, compared with rest, could be due to both insufficient clothing insulation for the 289 condition, as well as higher forced convective heat transfer of movements. Such a response would 290 further constrict the cutaneous vasculature relative to cold exposure in the absence of exercise. 291 We observed a synergistic effect on HR when cold exposure and exercise were combined. This 292 was largely due to the fact that HR decreased during rest but increased during exercise in the cold.
293
As HR was only ~3 bpm higher during exercise in the cold, its physiological significance is rather 294 minor. An augmented HR while exercising in the cold may be a response related to higher 295 sympathetic nervous activity, as a result of both exercise and cooling of the skin. Submaximal 296 exercise in the cold could also involve a higher energy cost related to the need for thermoregulatory 297 responses to balance for the higher heat loss. Cooling of the tissues could also reduce performance 298 efficiency (10). Lastly, wearing winter clothing may increase the energy cost due to the additional 299 weight and friction of the garments (50). In the end, the reasons for the higher HR during exercise in 300 the cold remain speculative. Of note, our study succeeded in reaching a moderate intensity of exercise, 301 as judged by subjects achieving ~70% of HRmax and subjective ratings of somewhat hard exercise in 302 the cold. Although the calculated RPP suggested a low to intermediate cardiac workload, a 303 comparison with healthy populations is less meaningful due to the use of medications, e.g. beta-304 blockers restricting HR responses (16).
305
An ECG detected ST-depression during exercise equaling or exceeding 1 mm is considered an 306 indicator of myocardial ischemia (35). Our study showed that temperature did not affect the onset or Finally, strict selection of participants helps reducing confounding from other causes than those 355 related to cardiovascular diseases (CAD and hypertension).
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For safety reasons we did not cease medication during the experiments. Hence, the main effects 357 of these would be lowering of HR and BP, which is also likely reflected in the observed responses to 358 the intervention. However, for individual patients the effect of the experimental intervention remains 359 the same, as medication was unaltered during the experiments. Furthermore, as each of the patient 360 often used more than one type of medications, the effects of any single agent on the observed 361 cardiovascular responses cannot be distinguished. By not withholding medication, we were able to 362 evaluate cardiovascular responses to individuals who are being treated for CAD, rather than 363 evaluating the direct effects of CAD in the absence of medical treatment.
PERSPECTIVES AND SIGNIFICANCE:
366
The current guidelines for health-enhancing exercise for patients with CAD suggest regular 367 aerobic exercise to be performed for a sufficient duration at a time. Despite a slightly higher cardiac 
